



Pioneer Discovery of secondary gold 
deposits-unique bacterioforms and 
placers in north Goa from deep core 
metabiosphere
Dr. Nandkumar M. Kamat, Asst. 
professor, dept. of Botany, Goa 




































Objectives of press briefing
• To announce pioneer effort of discovery 
To keep the media, government, industry 
and society informed about the research
• To attract attention of peers –nationally 
and internationally
• To establish the potential of 




































• Gold is one of the ten 
rarest elements in the 
Earth’s crust with an 
average  oncentration 
of 5 ng g1 (solid 
material), and a 
concentration range 
from 0.0197 to 0.197 
mg l1 in natural 
waters 
• However, gold is not 
uniformly distributed 
and is often highly 
enriched in 
mineralized zones, 
where it may form 
economic primary 
deposits (for example, 





































  The deposition of gold 
in primary deposits 
usually occurs via 
metal rich 
hydrothermal fluids, 
which circulate in 
open spaces within 
rocks and deposit 
gold as consequence
   of cooling or boiling
• Native primary gold is 
commonly present as 
alloys with Ag, Cu, Al, 
Fe, Bi, Pb, Zn, Pd or 
Pt, with gold 
concentration ranging 




























































































































































































































































































































































































































Biofilms on Bacterioform Gold
Frank Reith,1,2* Stephen L. Rogers,1,4 D. C. McPhail,1,2 Daryl Webb3
This study provides evidence that bacterially
mediated processes contribute to the formation
of secondary gold grains.






































































• The origin of secondary gold grains is controversial and 
widely debated in the scientific community; the two main 
theories are that they are detrital or are formed by 
chemical accretion. However, there is growing evidence 
pointing to the importance of microbial processes in the 
cycling of gold.
• Common soil bacteria (Bacillus megaterium, 
Pseudomonas fluorescens, Bacterium nitrificans) are 
able to solubilize several milligrams of gold per liter of 




































• In field studies, structures resembling golden 
crusted microfossils observed on numerous gold 
grains from the Americas and Australia have 
suggested that microbial processes contribute to 
the formation of secondary gold grains. 
• It can therefore be concluded that the structures 
described as bacterioform gold by previous 



































Biochemistry of Gold, Author(s): E. D. Korobushkina, G. I. 
Karavaiko, I. M. KorobushkinSource: Ecological Bulletins, 
No. 35, Environmental Biogeochemistry (1983), pp. 325-333
   The enormous scope of formation, 
circulation and migration of organic matter 
in the biosphere proves that its role in the 
redistribution and creation of local 
concentrations of gold in the crust of 
weathering is great. 
   It is estimated that 3800000 MT of gold is 




































The geomicrobiology of gold
Frank Reith, Maggy F Lengke, Donna Falconer, David Craw and 
Gordon Southam, The ISME Journal (2007) 1, 567–584
   Recent research suggests that bacteria
   and archaea are involved in every step of 
the biogeochemical cycle of gold, from the 
formation of primary mineralization in 
hydrothermal and deep subsurface 
systems to its solubilization, dispersion 







































































Details of discovery of 











































































































































Where is the Gold in GOA?

















































































































































Now we shall view the scientific 
evidence from my laboratory
• There would be a 
slide show of 
photomicrographs 
of various forms of 
Gold taken at 400-
1000 
magnification
• This would be 





























































































How bacterioforms of Goan gold 
are different?
• Forms like folded lattices so far unknown
• Forms like “galactic nurseries” producing Gold 
starfish assembalges unknown in world
• Forms like layered ‘crowns/Tiaras” unknown
• Gold druzes unknown but such forms common 
in Calcium Oxalate phyto/mycoliths
• Associations of Zircon in different sizes and 



































Importance and significance of 
discovery of Gold
• First report in Goa, India and Asia of 
bacterioform  Gold, an important 
geomicrobiological and scientific breakthrough
• First report of placer Gold in Tilloid
• First report of microbiogenesis of Gold under a 
lateritic strata 
• Useful for understanding past climate changes, 
sedimentation processes
• Possibility of finding Zirconium, Hafnium, 




































• Moratorium required in North Goa on 
excavations below 60 m depth, or below 
sea level
• All subsurface deposits to be property of 
Government of Goa
• All conglomerates and Tilloids to be 



































Impact on Land classification
• Land use classification needs to be 
changed
• Land use policy to be proactive-to lock in 
subsurface Gold as strategic mineral 
reserve
• Property prices in lateritic plateaus may be 
affected
• No mining to be permitted till full 



































Estimates of bacterioform and 
placer Gold deposits
• For a 100 ha. Area if 
the deposit bearing 
band is 1-10 metres 
thick (average 5), 
then the volume of 
rock is five Million 
cubic M
• Considering a density 
of 3 MT/CuM, the 
weight would be 15 
MMT
• With average content 
of 1g/MT the area 
would produce 15 MT 
of Gold
• At present market 
cost of Rs. 2000/gm 




































How Much Gold Could be 
Expected?
• Probable lateritic area:- 100, 000 ha.
• Area with Gold bearing deposits:- 20-
40000 ha. 
• Estimated Gold concentration:-1-2g/MT
• Estimated Gold deposits:-Max. 6000 MT-
Min. 3000 MT





































• A note has been sent to Govt. of Goa to 
form a technical committee for carrying out 
systematic geoprospecting and 
geochemical studies by drilling and 
analyzing deep subsurface core samples 




































Work in progress and further 
investigations
• Geological, geohydrological, geochemical 
(Prof. Chachadi),  Geomicrobiological, 
biochemical (Dr. N. Kamat), 
Nanobiotechnological (Dr. Ahmad, NCL, 
Pune) investigations on more samples and 
publication of the data
• Collaboration with international expert in 










































































Resources for the media
• All the 42 Videos are uploaded on you 
Tube channel 
http://www.youtube.com/user/nandkamat?feature=mhum






































• Discovery of Gold in Goa was a 
happy coincidence during 
   The Golden jubilee year of Goa’s 
liberation
• “Hopefully, Goa may now regain its’ 




































• Department of Botany, Goa University & Prof. Chachadi, Dept. of 
Earth Sciences
• My research staff:- Project assistant Ms. Indira Talaulikar, technical 
assistant- Ms., Neysa Rodrigues, Culture Technician Ms. Priyanka 
Shirodkar- all from Mycolab
• Prof. Frank Rieth, Australia
• Shri Prakash Kamat, President, GUJ 
• GCCI for sponsoring the premises
• Members of the press and electronic media
      My PG and research students and ex students
• The work was partially supported by UGC-SAP and largely by M/s  
R.N.S. Bandekar & Bros, sponsors of my Mineral biotechnology 
projectN
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